APPARATUS AND METHOD FOR MEASURING THE AMOUNT OF FUEL IN 
A VEHICLE USING TRANSMISSION LINES 



FIELD OF THE INVENTION 

[0001] The present invention relates to an apparatus and method for measuring the 
amount of fuel in a vehicle using transmission line. Specifically, the invention is 
directed to a novel electronic fuel gauge and method which does not require a varying 
resistor and the like. 

BACKGROUND OF THE INVENTION 

[0002] It is very dangerous to install electronic devices such as an electronic sensor 
or lamp in a fuel gauge since the gauge measures the amount of gasoline which is a very 
explosive material. 

[0003] A conventional fuel gauge is provided with a floating body containing air. 
The location of the floating body varies in accordance with the amount of fuel contained 
in a fuel tank. The variation induces resistance variation in a resistor which is provided 
at the end of the floating body, thereby indicating the fuel amount contained in the fuel 
tank. 

[0004] However, the prior art has the following problems. 



[0005] First, some contaminants affect the buoyancy of the floating body, thereby 
causing error or malfunction of the gauge. 

[0006] Second, the varying resistor whose resistance varies in accordance with the 
floating location of the floating body has a problem of frequent error or malfunction due 
to corrosion of contact points of the resistor. 

[0007] Therefore, of interest is a new gauge which does not need the floating body 
and the varying resistor. Further, it has been desired to provide an apparatus for 
measuring fuel amount, which does not comprise electronic devices such as an 
electronic sensor, lamp and the like since the material to be measured is a fuel such as 
gasoline that is very explosive. 

SUMMARY OF THE INVENTION 

[0008] The object of the present invention is to provide an electronic fuel gauge and 
method that does not need a floating body and a varying resistor and that does not 
comprise electronic devices such as a sensor, a lamp and the like, thereby preventing the 
gauge from causing error or malfunction due to corrosion and/or mechanical disorder. 
[0009] Another object of the invention is to provide a fuel gauge and method that 
does not directly comprise electronic devices such as a sensor, lamp and the like, 



thereby making it possible to safely provide the gauge in a fuel tank containing gasoline 
which is a very explosive material. 

[0010] An apparatus for measuring fuel amount of vehicle according to one 
embodiment of the invention comprises a pair of transmission lines provided within a 
fuel tank, and a measuring unit for measuring a reflective wave or capacitance voltage 
which varies in accordance with the depth of the fuel by generating a high-frequency 
wave in the transmission line. 

[OOl 1] The measuring unit may comprise a housing and a circuit substrate including 
a measuring circuit. The circuit substrate is provided within the housing. The 
apparatus may further comprise a sealing member in a connecting portion between the 
transmission lines and the measuring unit. 

[0012] The measuring circuit preferably comprises a high-frequency generating 
module for generating a signal applied to the transmission lines; and a reflective wave 
detecting module for detecting a reflective signal and calculating a reflective coefficient 
by comparing the reflective signal with the signal generated by the high-frequency 
generating module. The reflective wave detecting module can thereby measure the 
depth of the fuel based on the reflective coefficient. Alternately, a capacitance detecting 
module for detecting capacitance voltage can be used to calculate the depth of the fuel 



from the capacitance voltage. The device also preferably comprises an amplifier for 
amplifying the output signal from the reflective wave detecting module or the 
capacitance voltage detecting module; and a connector for transmitting the amplified 
signal to an instrument panel of the vehicle. 

[0013] A load resistor may be provided at the ends of the transmission lines. The 
transmission lines are preferably provided within a pipe member made of nonconductor. 
The pipe member has an open end so that fuel can flow therein. 

[0014] It is preferred that the transmission lines and the load resistor are sealed with 
a nonconductor. 

[0015] It is also preferred that the transmission lines are selected from a group of 
high-frequency transmission lines consisting of a pair of transmission lines, a strip a 
coplanar waveguide, a coplanar strip, and a coaxial cable. 

[0016] A method for measuring fuel contained in a fuel tank of a vehicle includes 
supplying a high-frequency wave to transmission lines provided within the fuel tank. 
The method also includes measuring an amplitude of a reflective wave or capacitance 
voltage in the transmission lines where the amplitude varies with the depth of fuel in the 
tank. 



[0017] In a preferred method according to an embodiment of the invention, a 
detector detects the reflective wave or capacitance voltage. The reflective wave or 
capacitance voltage is preferably amplified and transmitted to an instrument panel of the 
vehicle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The accompanying drawings, which are incorporated into and form a part of 
the specification, illustrate several embodiments of the present invention and, together 
with the description, serve to explain the principles of the invention. The drawings are 
only for the purpose of illustrating preferred embodiments of the invention and are not 
to be construed as limiting the invention. In the drawings: 

[0019] Fig. 1 shows a circuit diagram of a pair of transmission lines according to an 
embodiment of the invention; 

[0020] Fig. 2 shows a schematic construction of an embodiment of the fuel gauge 
using the pair of transmission lines according to an embodiment of the invention; 
[0021] Fig. 3 shows a portion of the fuel gauge comprising the pair of transmission 
lines in detail according to an embodiment of the invention; 



[0022] Fig. 4 shows a measuring unit according to an embodiment of the invention; 
and 

[0023] Fig. 5 shows a block diagram of the measuring unit of Fig. 4 according to an 
embodiment of the invention. 

[0024] In the drawings, it will be understood that like reference numerals refer to 
like features or structures. 

DETAILED DESCRIPTION OF THE INVENTION 

[0025] Fig. 1 is a circuit diagram illustrating the principle of the fuel gauge of 
embodiments of the present invention. Fig. 2 shows a concept of an apparatus for 
measuring fuel amount, which comprises a pair of transmission lines. A fuel tank 100 is 
shown being provided with the apparatus 1 . Fig. 3 shows a portion of the fuel gauge 1 
comprising the pair of transmission lines 2a, 2b. 

[0026] In the circuit comprising the pair of transmission lines 2a, 2b, capacitance 
and characteristic impedance vary in accordance with the depth of fuel existing between 
the lines, thereby causing variation of the reflective coefficient. Thus, it will be 
understood that the fuel amount is measured by measuring the reflective wave or 



capacitance voltage in the pair of transmission lines 2a, 2b. The measured value is 
preferably amplified to be indicated in the instrument panel. 

[0027] The principle of measuring fuel amount using the reflective wave in the pair 
of transmission lines 2a, 2b will now be described in detail. 

[0028] As shown in Fig. 1, a load resistor Z L is provided at the ends of the pair of 
transmission lines 2a, 2b. The characteristic impedance when fuel exists between the 
transmission lines 2a, 2b is set as Zoi. 

[0029] The characteristic impedance of the lines is determined by the relative 
dielectric constant of the material between lines 2a, 2b, the thickness of lines 2a, 2b and 
the distance between the lines 2a, 2b. The impedance Zr in the surface of the fuel is 
calculated by the following formula: 

Z/+ jZ Ql tan(# ,1,,) 

[0030] Z r = Z 01 J 01 KHg ' ]J 

01 Z 01+ 7Z L tan(/? gl A) 

[0031] where Li is depth of fuel and {3 g i is the transmission constant of transmission 
lines 2a, 2b in the area of the fuel. 

[0032] The input impedance Z\ outside of the fuel tank is calculated by the 
following formula: 

Z..+ /Z 0 tan(# 2 Z, 2 ) 

[0033] Z. = Z 0 1 J 0 KHg2 2) 

Z 0 +jZ r tan(/} g2 L 2 ) 



[0034] where L 2 is the distance between the fuel surface and fuel tank and {3g2 is the 
transmission constant of the transmission lines in the area between the fuel surface and 
the fuel tank. 

[0035] The reflective coefficient p is calculated by the following formula. 
[0036] 

[0037] Therefore, it is understood that the amplitude of the reflective wave varies in 
accordance with the depth of the fuel contained in fuel tank 100. That is, the amount of 
fuel can be determined by measuring the amplitude of the reflective wave. 
[0038] According to these principles, measurement of the reflective wave reveals 
the depth of the fuel Li since the reflective coefficient varies depending upon the depth 
of the fuel. As the fuel enters between transmission lines 2a, 2b, the characteristic 
impedance changes and the impedance in the surface of the fuel also changes in the 
construction wherein an open or load resistor is provided at the ends of the transmission 
lines 2a, 2b. 

[0039] Furthermore, capacitance C between the lines 2a, 2b is calculated by the 
following formula. 
[0040] C = CI + C2 
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[0041] Where C\ is capacitance in the area where fuel exists and C2 is capacitance 
in the area where fuel does not exist. 

[0042] Therefore, the capacitance between the lines 2a, 2b depends upon the 
amount of fuel contained in fuel tank 100. When a high-frequency wave is applied at 
the ends of lines 2a, 2b, a voltage is induced that varies in accordance with the 
capacitance. Thus, the amount of fuel can be measured by measuring the induced 
voltage. 

[0043] Embodiments of the invention will now be described in further detail with 
reference to Figs. 2 and 3. 

[0044] An apparatus 1 for measuring fuel amount is provided within fuel tank 100 
and is provided with measuring unit 3 for supplying a high- frequency wave and 
measuring reflective waves at the end thereof. As shown in more detail in Fig. 3, 
transmission lines 2a, 2b are provided within pipe member 4 made of a nonconductor 
such as plastic or glass. The lower end of the pipe member is open. With this 
structure, it is possible to prevent sudden changes of fuel depth due to vehicle 
movement since the fuel exists between lines 2a, 2b. 
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[0045] The ends of lines 2a, 2b are provided with a resistor 5, such as a chip load 
resistor. It is preferred that transmission lines 2a, 2b and load resistor 5 are completely 
sealed with urethane or vinyl. 

[0046] Fig. 4 shows a schematic drawing of measuring unit 3 and Fig. 5 shows a 
block diagram of measuring unit 3. As shown in Fig. 4, measuring unit 3 comprises a 
housing 7, a circuit substrate 6 and a sealing member 8. It is preferred that housing 7 is 
sealed with sealing material such as rubber so that fuel or contaminant does not enter 
the housing. Transmission lines 2a, 2b are connected to circuit substrate 6. Sealing 
member 8 prevents fuel and the like from entering measuring unit 3. 
[0047] As shown in Fig. 5, the measuring circuit of measuring unit 3 comprises a 
high-frequency wave generating module 9, a connector 10, a reflective wave detecting 
module or a capacitor voltage detecting module 1 1 and an amplifier 12. 
[0048] One transmission line 2a is connected to the high-frequency wave generating 
module 9 via input node "a" and the other transmission line 2b is connected to reflective 
wave detecting module 1 1 via input node "b." 

[0049] The reflective wave or induced voltage measured by the reflective wave 
detecting module or capacitor voltage detecting module 1 1 is processed so as to indicate 
the amount of fuel in an instrument panel (not shown) of a vehicle. 



10 



[0050] It should be understood that rather than a pair of transmission lines, the 
reflective wave may be generated using other lines such as a strip, a coplanar 
waveguide, a coplanar strip, a coaxial cable and the like. However, a pair of 
transmission lines are most easily embodied, and therefore represent the presently 
contemplated best mode of the invention. 

[005 1] According to embodiments of the present invention, malfunctions and 
disorders due to mechanical defects are minimized since embodiments of the invention 
can be embodied electronically. 

[0052] Further, the fuel amount can be measured very precisely since the 
measurement is made with the principle that the amplitude of the reflective wave or 
capacitance voltage varies depending upon the depth of fuel in a fuel tank. 
[0053] In addition, the fuel gauge of the invention is safer than the conventional 
gauge since it can be completely sealed and since it does not require electric devices 
that may cause a fire or explosion in the fuel tank. 

[0054] It should be understood that the invention has been described based on the 
preferred embodiments, which do not limit the scope of the present invention, but 
exemplify the invention. All of the features and the combinations thereof described in 
the preferred embodiments are not necessarily essential to the invention. 



[0055] Although the present invention has been described by way of exemplary 
embodiments, it should be understood that those skilled in the art might make changes 
and substitutions without departing from the spirit and the scope of the present 
invention which is defined only by the appended claims. 
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